A new polymer supported synthesis of deoxyribooligonucleotides which can be adapted to automation is described. The method is based on the elongation of an oligomer chain in the 5'-to 3'-end direction using the modified phosphotriester chemistry. The approach is exemplified by the synthesis of a nonanucleotide d(TTCGTCTTG).
suitably 5'-protected nucleotide components containing either 3'-phosphate or phosphite moiety. These methods were also successfully applied to the development of automated DNA synthesizers. However, despite these achievements, there still remain a few problems, such as the instability of reagents and failure to produce the desired final compounds. In order to improve the overall methodology for automation, we have investigated the extension of the oligonucleotide chain in the other direction, viz, the 5'-to 3'-end direction as shown in Figure 1 These synthetic cycles are repeated using different 5'-hydroxyl 3 1 -protected nucleotides until the desired sequence is constructed. At the end, the linkage between the support and the oligonucleotide chain is cleaved and all of the protecting groups are removed. Finally, the product is purified by high performance liquid chromatography (HPLC). Various polymers consisting of polystyrene copolymer with 1 or 2 percent divinylbenzene (10), polydimethylacrylamide (11), polyacrylmorpholide (12), cellulose (13) or hplc silica gel (14) have appeared promising as polymer supports. However, Itakura, et al, studied in detail (10) the practical usage of a polystyrene copolymer for the solid support in the synthesis of oligonucleotides for 3'-to 5'-end assembly and found that this polymer swelled better in organic solvents, giving higher coupling yields in the internucleotide phosphotriester bond formation. Therefore, we selected polystyrene-copolymer with 1 or 2 percent divinylbenzene as the solid support for the present work.
The readily available starting material, chloromethylpolystyrene crosslinked with 1 or 2 percent divinylbenzene, was derivatized to form a trityl-containing polymer (I) by following essentially the published 
The synthesis of nonanucleotide d(T-T-C-G-T-C-T-T-G) was then continued
solely by using mononucleotides as coupling units as described in Figure 1 . In the present work, we used l-(4-toluenesulfonyl)-3-nitro-l,2,4-triazole (TsNT) as a coupling reagent because it was found to be more stable at room temperature and cheaper than the other condensing agents, viz. Analysis of the reaction products after removal from the polymer at several of the intermediate coupling steps revealed that the desired compound was the major product and that the coupling reaction forming phosphotriester bonds on the polymer support was efficient. Throughout the isolation process, cuts taken from chromatography plates and columns were rather narrow. The actual purification on a PEI plate was done with only a small portion of the total material. It is estimated from the analyses of the intermediate steps that each coupling was complete in the order of 80 percent.
2,4,6-triisopropylbenzenesulfonyl-lH-tetrazole (TPSTe), or mesityienesulfonyl-lH-tetrazole (MSTe
We are currently attempting to synthesize a tetradecanucleotide by adapting this procedure to an automated Beckmann peptide synthesizer and the results will be published elsewhere. In order to further simplify the procedure for removal of polymer from the desired oligonucleotide chain and its final purification, we are also investigating a similar procedure to The polymer I (lg, .00051mole Cl/gm) was shaken with 5'-hydroxyl-3' phosphate protected mononucleotide, II (B=thymidine, 0.74 g, .00153 mmole, which had been rendered anhydrous by coevaporation 3 times with pyridine) in 75 ml of 2:1 dry toluene/dry pyridine for 60 hrs. The resulting polymer (B=thymidine) was washed extensively with pyridine, methanol and then ether. Finally, it was vacuum dried. Incorporation of the protected thymidine phosphate was 0.000285 mole/gm by UV analysis, as described below:
A portion of the polymer III was agitated overnight in saturated zinc bromide/anhydrous nitromethane (1 percent water in CH,NOo for thymidine) and filtered. The resin was washed with nitromethane, methylene chloride, and methanol successively. All the washings were combined and extracted twice with 1M ammonium acetate solution. The solvents were dried over sodium sulfate and evaporated. The residue was chromatographed on silica gel preparative TLC plates using 10-13 percent methanol/methylene chloride. The band containing the nucleotide material was cut, eluted and dissolved in dry methanol for UV determination. The extinction coefficient for each protected mononucleotide was determined previously by measurement of A£gQ of purified samples. All determinations were done in duplicate.
General Procedure for Condensation on the Polymer
The polymer III (B=Thymidine, 0.437 gms, 0.000124 mole) was shaken in 6 ml of 2:1 pyridine/diisopropylamine for 30 minutes to remove the cyanoethyl group. The resulting polymer IV (B=Thymidine) was washed 3 times with alternate 10 ml portions of Pyridine and dry ether. The polymer was washed with dry pyridine, dry ether and dry pyridine in a dry box. TSNT (0.13 g, 0.000485 mole) was added in 1.5 ml of dry pyridine and the mixture shaken for a few seconds. Then the 3'-phosphate protected nucleotide (B=thymidine, 0.14 gm, 0.000289 mole), which had been dried previously by coevaporation with dry pyridine two times, was added in 1.5 ml of dry pyridine. The reaction was shaken for 30 minutes. Then the solvent was drained and fresh TSNT and II(B=thymidine) were added. After another 30 minutes, the reactants were washed from the polymer with pyridine, followed by ether. The cycle was repeated starting with decyanoethylation. The final cycle used nucleotide VI (B=guanosine) as the chain termination step.
Purification and Isolation of the Final Product
The oligomer was removed from the Polymer VII as described above and the residue was chromatographed on a silica gel plate (2 mm thickness) using 13 percent methanol/methylene chloride. The material of Rf 0.6 was cut, eluted and rechromatographed on KC 18 reverse phase TLC plate with 25 percent water/acetone. The major desired band was cut and eluted. The residue after evaporation was treated with 2 ml of N,N,N',N-tetramethylguanidinium pyridine-2-carboxaldoximate (0.28M in 1:1 dioxane/water) for 26 hrs at room temperature. The solvents were evaporated and the residue dissolved in 8 ml of concentrated NH^OH at 37°C for 18 hours and at 60°C for 6 hours. After removal of solvents, the residue was dissolved in 5 ml of 0.05M triethyl ammonium bicarbonate (TEAB) and passed through a small DEAE-52 column. The TEAB solvent was removed by evaporation and a portion of residue was purified on a PEI plate using 0.6M LiCl, 7M urea and 0.02M tris pH 7.6. The single band was cut and eluted with 2M TEAB. It was evaporated and the residue was dissolved in water. It was then purified on a C18 column by using 0.1M aqueous triethyl ammonium acetate containing 12 percent acetonitrile (Figure 2A) . The major peak eluting at 9.1 min. was isolated. This was then lyophilized twice and dissolved in 1 ml of 10 mM tris pH 7.6. The yield was 1.95 A 2g0 units, as determined spectroscopically. A portion of this sample was phosphorylated by polynucleotide kinase using (y-P ) ATP and the sequence was determined by the two dimensional mobility shift method(16). The pattern obtained is shown in Fig. 2B .
